Introduction
Polyethylene terephthalate (PET) is one of the most common consumer plastic used and is widely employed as raw material to products such as mineral water bottles, soft drink bottles, container for packaging of food and other consumer goods. The amount of PET consumed annually has been growing steadily. Its low density, strength, user friendly designs, fabrication capabilities, long life, light weight, and low cost are the factors behind such phenomenal growth. This became the major contribution of the waste disposal crisis that would lead to many environmental issues [1] . According to Agamuthu [2] , the third largest waste volume in Malaysia municipal waste solid waste (MSW) constitutes by plastic based product. It's generated about 15% of national MSW. The excessive presence of the non biodegradable plastic based product waste will diminished the useful life of the landfill due to the behaviour of the waste to stays undegraded for more than 50 years. The large quantities of this waste cannot be eliminated, however, the impact of the waste to the environment can be reduced by changing to more sustainable material in other industries [1] . Construction industry is one of the areas of solid wastes can be used in large quantities. Especially large amounts of natural resources are used in concrete production. For this reason, using wastes instead of natural resources for concrete production will contribute to prevent the problems which are mentioned above [12] . The PET bottles can be evaluated in concrete production either as a fibre or replacement for an aggregate to form a lightweight aggregate [3] .
Material and Method
Ordinary Portland cement was used in this study. Waste PET' bottles were processed by Plastic Granulator Machine. The PET was sieved and only PET that passing the 5mm sieve was use as a fine aggregate. The materials and mix proportions used in this study are given in Table 1 . Two types of specimens were prepared for this investigation; cylindrical and cube specimens with dimensions of 100mm x 200mm and l00mm x 100mm x 100mm respectively. The entire sample preparation and curing process was according to BS l881: Part l10: 1983. The slump of fresh concrete was also measured according to BS 1881: part 102 immediately after mixing in order to evaluate the workability of concrete. The density of hardened concrete was measured at the age of 7, 14 and 28 days by referred to BS 1881: 114: 1983. Compressive strength of hardened concrete was also tested at the age of 7, l4 and 28 days according to BS 1881-Part 116-83. The type of failure and the appearance also recorded. The splitting tensile test is tested according to BS 1881: Part 117. The modulus of elasticity is calculated based on data of strain stress recorded experimentally. 
Result and Discussion
Density The average density of concrete containing PET aggregate is 2259 kg/m 3 indicating the reducing of the self-weight of 4.7% compared to the average density of normal concrete which is 2372 kg/m 3 . This result is also in the range of result obtained by Choi et al. [5] Fig. 1 shows the reduction in the density according to the PET aggregate replacement content and water/cement (w/c) ratio respectively. Concrete with w/c ratio 0.45 shows the reduction of 14.2% of the density compare to concrete blends with w/c ratio 0.55 and 0.65 which are 6% and 4.5% respectively. Low density PET aggregate compared to natural fine aggregate attributed to the major reduction of concrete density. Besides, higher w/c ratio would induce pore spaces of water that does not participate in water-binder reaction hence producing a very small diameter of capillaries channel. Empty spaces produce when the water evaporates also contribute to the decrement of concrete density [4, 5] Compressive Strength Result of compressive strength is illustrated in Fig. 2 . The maximum compressive strength achieved is 31.27 MPa and the minimum strength is 15.60 MPa for water cement ratio 0.45 and water cement ratio 0.65 respectively. Based on the result obtained, only concrete mix with 25% replacement ratio of PET aggregate achieved design strength minimum 25 MPa. Others showed result below the design strength. Percentage reduction is ranging from 5% to 57% of normal concrete. Concrete mix with water content 0.45 showed highest reductions which are 29%, 41% and 57% for replacement of WPET 25%, 50% and 75% respectively, which in the same agreement with Choi et al. [5] , Frigione [6] and Ismail et al. [7] . As can be seen, the pattern of the result clearly shows the tendency of small decrease in the strength of the concrete containing PET aggregate. The low adhesive strength between the plastic surface and the cement paste was the reason attributed to the decreasing of compressive strength [6] . Hence, the recycled PET does not contribute to the strength of the concrete as does the natural fine aggregates. When the compressive strength of the blends were compared at different w/c ratios (0.45; 0.55; 0.65), the lowest values were obtained for a ratio of 0.65. Higher w/c ratio would induce pore spaces of water that does not participate in water-binder reaction hence producing a very small diameter of capillaries channel. Empty spaces produce when the water evaporates thus reducing the compressive strength of concrete [4] . Besides, the low density PET aggregate compare to the natural fine aggregate also contribute to the reduction the compressive strength respectively. 
Split Tensile Strength
As for compressive strength, the inclusions of PET aggregate also reduce the split tensile strength of concrete (Fig. 3) . Higher reduction obtained in concrete with w/c 0.65 which between the range 26% to 60% if compared to normal concrete. Others blends showed a reduction between 15% to 51% and 15% to 43% for w/c ratio 0.45 and 0.55 respectively. The decrease in split tensile strength seems to be related to the aggregate density and the adhesive strength between aggregate and binder.
[choi] also conclude that for a particular PET aggregate content, split tensile strength increased with the reduction in w/c ratio. This due to the reduction of pore spaces that will reduce the strength of the concrete. According to Akcaozoglu and Atis [8] , the explanation for the decrease in compressive strength can be extended for the decrease of split tensile strength Modulus of Elasticity (MOE) Since the additions of PET aggregate reduce the strength of concrete respectively, it is expected that the MOE of the concrete also decreased. As shown in Fig. 4 , the MOE range between 10.4 GPa to 27.1 GPa, 10GPa to 18.8GPa, and 13.8GPa to 25.9GPa for w/c ratio 0.45, 0.55 and 0.65 respectively. Meanwhile, the reduction of MOE ranging from 13.69% to 67.74%. Since PET aggregate is less resistant than the natural aggregate and will deform less when stress with an equivalent value applied, it will gradually decrease the modulus of the concrete [4] . Other than that, the reduction of MOE also can be affiliate with the reason that contributes to the decreased in concrete strength.
Mix Design Nomograph for Concrete Containing PET as Fine Aggregate This preliminary nomograph developed by the combination of four relationships of the concrete properties one single graph (Fig. 5) . The relationship between compressive strength and water cement ratio is plotted by referred to Abrams' law [9] . Abrams' law correlates the compressive strength of concrete with the water cement ratio in power expression. While others is developed by referred to best line fit to all data plotted into the nomograph. The nomograph can be used to determine the concrete mix proportion for a required compressive strength. As example, if the design strength requirement for PET concrete is 30 MPa, the proportion obtained from the nomogrpah is 0.40, 8% and 2.9 MPa for w/c ratio, PET replacement percentage and split tensile strength reppectively as shown by the red line on Figure 5 .
Conclusion
The increase in the awareness of waste management and environment related issues has led to substantial progress in the utilization of waste products like PET bottles. This paper has presented the development of concrete mix design nomograph for concrete containing PET as a fine aggregate. Based on the result obtained, increasing of PET aggregate will reduce the mechanical properties of concrete respectively. Hence, the development of the nomograph is one of the preliminary steps to utilize the PET aggregate into concrete without having to significantly sacrifice the mechanical properties of the concrete itself. 
